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Executive Summary

Seasonal aerial pelagic surveys for marine turtles from Cape Hatteras,
N.C. to Key West, Florida out to the western boundary of the Gulf Strean.

Because the aircraft allowed for direct observation of the transect line
transect methods of analysis were used in density estimation of Caretta

caretta.

Caretta caretta were sighted primarily during the spring and sumer sur-
veys and non-randomly distiibuted throughout the study area with sta-
tistically significant aggregations off Cape Canaveral, Florida.

Minimm mmerical estimates (1) are by season, with standard error of N:

N | 557

ri 18,996 1,18
Sommer 14,932 "477
fall 6,164 671
winter : 4,877 3,268

me precision associated with seasonal mmerical estimates are 6.3%,
3.1%, 10.9% and 6.7% respectively.
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Introduction
The Endangered Species Act of 1973 dxrects the Natmnal Marine Fxshenes )

- Service (NMFS) to protect and conserve dl species marine turtles occuring in
U.S. jurisdictional waters. To this md, the NMFS must assess the status of
marine turtle stock(s) and monitor that status. This requires estimates of
mmbers of turtles by species and abundance and distributional trends for
detemin;tion of that status of stocks in relation to past and future human
activities. A three-year aerial survey research program was initiated by the
Southeast Fisheries Center (SEFC) in the southeast United States in April
1982 to provide these estimates. This report gives the progress and results
of the first year of this effort and the recommdations for improving the
experimental design in sd)sequmt years.

Numerical estimates for sea turtles have been determined only for nesting
(i.e. mature) females which can be counted (or their nests) on nesting
beaches. The majority of turtles however are pelagic and are never encoun-
tered alive on land. One way to collect data an pelagic animals is to survey
the pelagic environment with an airplane. The m has pursued this approach
to collect data on pelagic turtles with the purpose of 1) defining distribu-
tions within the study area, 2) determining what envirommental and behavioral
factors effect turtle sightability, 3) estimating turtle daxsity and abun-
dance by species to be used in projection population models and 4) deter-
mining the utility of pelagic surveys to describe distributions and estimate
sbundance.

Pelagic surveys were conducted from Cape Hatteras, NC to Kcy West, FL,
out to the western boundary of the Gulf Stream on s seasonal basis. The




Spring survey was conducted in AprilMay, 1982; tﬁe Sumner survey in
- July/August, 1982; the fall survey jin Nctober/November, 1982; and the winter
_survey in January/February, 1983. ~This study area represents a southern
extension of aerial surveys (called CETAP) conducted by the University of
Rhode Island, under contract with the Burgau of Land Management from
1979-1981. While the CETAP data are not camparable to those of the SEFC,
they provide information on turtles north of t.he area of responsibility of
the SEFC. The CETAP surveys and those of Fritts and Reynolds (1981) in the
Gulf of Mexico were multispecies surveys which included marine turtles with
erine mammals and birds. The SEFC/NMFS Surveys are the first large scale
Pelagic surveys designed and flown specifically for congcting data on marine

These SEFC surveys provide the first cc-prehmsi\}e information an the
distribution and abundance of marine turtles in the Pelagic environment. The
first year surveys provide baseline data on which the second and third year
surveys were designed and stratified. In addition io completing seasonal
surveys in the second year, a special experimental Survey was campleted
(June, 1983) with the purpose of providing data with which to statistically
evaluate the potential effect of Beaufort sea state on the ability of the
- observers to sight turtles and the poiential effect thnt diurnal surfacing
behavior of turtles may have on the ui»ers of turtles observed. It is anti-
cipated that in the third year an experiment will be completed to determine
the sizes of turtles observed at our survey altitude. This report addresses
only the results of the first year pelagic survey. These surveys were

designed to provide annual and seasonal camparisons and subsequent reports




Methods

| Survey Methods

 Surveys were designed so line transect -Bethods-of -density esthatxon
could be applied. Surveys were flown in 8 Beechcraft AT-11 (aircnft mmber

» N900) equipped with a Plexiglass and glass bubble nose which offers a

direct and unobstructed view of the line of flight. The observation bubble
was calibrated and marked in 1/16 m perpendicular distance intervals out to
5/16 m from the trackline. This facilitated reporting of sightings with
right angle distance from the trackline and allows for the lpplicanon of
line transect net.hods to estimate density (Burnham, Anderson and Laake,
1980) A more detazled description of the survey methods used is provided in
'l'hr.lpson and Shoop (1983).

Four aerial observers were included on all flights.. Observer: usually
rotated through the bubble nose at the end of each transect. ‘l'he total time
a4 given observer was in the bubble nose within a flight day was no more than
1% hours per observation period and 5 hours per survey day. One of the
observers not "on watch” (in the observation bubble) was the data recorder
mile the other rested. During the s@r survey a Hewlett-Packard 85
microprocessor with an internal clock was installed on the lircraft. This
Was used an all subsequent surveys to record data. In addition to allowing -

onto digital tapes, it directly lnterfnced with the radiometer and Loran (o
for sutomatic recording of sea surface temperatures and position as latitude
and longitude.




' 'rhe total study area is approximately 30,000 mm2 and was subdivided into
ten sampling areas or blocks of nearly equal area (#3000 m2) (Figure 1).
Transects were selected-randamly-fram the -total potential transect 1lines -
placed 1 ma apart in a northwest to southeast orientation. This direction
ws selected because it maximizes coverage over depth strata while minimizing
the. effects of sun glare. The transects flown were randamly selected using a
randos mumber ﬁble and a random mmber generator available on the NMFS/SEFC

Burrough's camputer.

The total mmber of transects flown in each block for each survey is pre-
sented in Table 1. These are the transects with data that were utilized in
‘the subsequent analyses. The priliry criterion utilized in determining
whether a block or transect was sampled adequately (cniled "made good") was
the Beaufort sea state encountered. Sea states of 4 or less were considered
sppropriate for sighting turtles. Thus, for a block to be considered sampled
at least 67% of the total trackline flown must have been of sea states 4 or
less or considered “made good™. About 700 lineal nm were flown each survey
day (i.e., one block was campleted each diy). Thus, at least 469 mm had sea
states of 4 or less on any given survey day (i.e., "made good"), to be
included in these analyses.

An qitically derived effective swath width (w) of .334 nm was suggested
by the contractor and used in predetermining the level of sampling effort.
Utilizing this value and 700 mm of transect line results in an approximate
sampling level of 8% in each block and thus, the study area. This 8% value .
is derived as: '

(700 m)(.334 m) = 233.8 m? sampled
233.8 nm2/3000 rm? per block = 0.079 = 8%




SN
" The actual sampling effort realized was calculated for each survey using the
resulting value of w for each seasonal survey.

" “Transects were flown sequentially from north to south or ;ice ;ar;a
During each survey, an established recording and obsefvation protocol was
folloved. The information recorded is presented in Figure 2. Included as
the minimal ‘nformation for each turtle sighting was: sighting interval (in
1/16 m increments), reliabililty of s;»ecies identification (sure, probable,
possible), and observer.‘ '

Analytical Methods

General Approach

The ultimate objective of these surveys is to determine the seasonal |
abundance of turtles by species within this sﬁ)dy area. Mumerical abundance
is estimated as: | |

NeA-D |

N = gbundance estimate

A = total area of study area

D = estimated turtle density

To estimate abundance, an estimate for turtle density (6) must be
derived. Utilizing line transect methods, the generalized formula for den-
sity estimtia_\ is: '

D « nf(0)
D=5

D = density estimate

R = mmber of animals sighted

£(0) = intercept of probability density function (pdf)
L = total 1ine length ™made good"




This method of density estimation js considered in detail in later por-
tions of this rq:art; However, this formula reveals the parameters necessary
for density estimation: n, f‘(o) and L. Therefore, environmental factors and
turtle bdnvior which impact these camponents ‘(n, £(0) and L) will impact the
estimate of tﬁrtle density (6). Potential impacting factors include:

1. The actual distribution of animals within the study area. Line tran-
sect methods assume that animals are randoaly distributed along transect
- lines and within sampling blocks. Significant derivations from randomness

 effect the variance of n and D, thus it is important to define the actual
distributions of turtles statistically. In addition, the actual causes of

these distributions must be elucidated to determine if stratification of
sampling effort is required in the following survey years to provide greater
precision of ali estimated parameters. _

2. Increasing sun glare and Beaufort 4sea‘ state and decreasing water
clarity may potentially reduce the ability of observers to sight animals,
and result in an underestimation of density by underestimating n and £0).

3. Diumal surfacing behavior of turtles, if significant will reduce
sample sizes (n). | |

4.' Unless corrected for time at the surface, all density and abundance
estimtes_are for animals at the surface. |
Each of these is considered analytically in detail and in the above sequence
to provide delisity and lBMme estimates with minimm bias. |

Distributional Analysis ,_
| A1l species sightings are 8ccompanied by an index of reliability.
Relisbility refers specificially to the cbservers sbility to fdentify a
turtle to species level. Observers identify turtle species as "nositive,




probable or unsure” and only turtles positively identified to species level
were used in all analyses. The resulting proportions of turtles positively
identified to any of the five species might be used o upwardly adjust spe-

cies counts by incorporating turtles not identifed to species level (i.e.,
termed "unknowns™). However, this approach was not used at this time because
of the unknown magnitude potential bias which might be introduced, but cannot

be measured.

An assumption of line transect methods is that animals are randamly
distributed along transect lines. Failure to meet this assumption will
result in biased estimates of variance in density (6) and sampling sizes (n),
unless the underlying statistical distribution is accommodated. To test this
assumption, the distance between C. caretta was used as a measure of aggre-
gation (Pielou, 1978). When 5 or more C. ga_r_eg_tg were observed along tran-

sects, a mean distance between animals and a variance were camputed.

When the variance (v) is equal to the mean (m) defined as: I = v/a = 1, |
where I is the Index of Dispersion, the spatial pattern is considered random
and the statistical distribution is a Poisson (Pielou, 1977). As the value
of this index (I) increases, the degree of spatial cluwping is more 'apparent_.
As the value of I decreases relative to 1, the amount of clumping decreases |
as spatial uniformity increases. The mull hypbthesis is that turtles were
randoaly distributed along transect lines, and under this hypothesis, I has
an spproximate X2 distribution with n-1 degrees of freedom which allows for
significance testing (Perry and Mead, 1979).

This Index of Dispersion (I = v/a) was also used to compare the spatial
distributions of C. caretta between blocks within each season or within the
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study area. Because the blocks are approximately equal in ares, they are
treated as sampling quadrats. A mean and variance using the frequency per

block for 10 blocks was camputed for each season. "1’_'vx1ur6£ 1 was-camputed.. .
for each season and compared to unity by using the y 3 ibproxi.ntion (Seber
1982). The frequencies of C. caretta and D. coriacea were cross-classified
by survey (or seasoix) and block. These frequncies were also examined using
the Index of Dispersion to evaluate the spatial distributions of these spe-

cies between blocks on 8 seasonal basis.

\iile spatial distributions are described using this index of dispersion
(1), the mechanisms underlying these spatial patterns are not defined. Those
factors effecting distribution will be used in subsequent survey years to
appropfiatcly allocate sampling effort. That is, once it .. is discerned where
turtles are, sampling can be stratified to improve the pfecision of resulting
estimate and minimize bias. A canonical correlation analysis was used to
~ define the distributional mechanisas of turtles. The absolute frequencies of

turtles by species were classified by depth in fathoms, sea surface tem-
perature and the presence of other species. Depth, temperature and other
speciés presence were used as the independent varisbles in this analysis
because they were measured and availsble in the data base. This multivariate
technique was used to describe the potential linear relationships between the
occurrence OrF fréquu\cy of turtles classified as C. caretts, D. coriacea, and
unidentified to species level, (the dq}mdent variables), and the three
measured envirommental correlates, depth, sea surface tesperature, and snimal
associations ss spplied in Pielou (1577) and Morrison (1976). There may be
other environmental factors vhich effect turtle distributions such as food




availability, breeding activities, or temperature below the surface.
However, only depth, sea surface temperature and the presence and abundance

of other species were measured and used in this analysis. Because the mly?

sis was not used to quantify potential linear relationships by creating new
independent variables, deviations from linearity were ignored (J. Zwiefel
pers. cam.). The linear model used in this analysis is that of Morrison
(1976). In addition, the frequency of sightings of C. caretta and D.
coriacea relitive to total effort over depth and temperature strata were eva-

luitéd to examine the potential effects of these variables on turtle distri- .
butions.

Sightabililty

Sightability refers to the observer's asbility to sight and correctly
identify a turtle to species level. Factors affecting sightability include
glare smount, Beaufort sea state and clarity of the water. Compounding these
factors are the potential effects of season and location or sampling block.
To evaluate the potential effect of these five factors, each C. caretta
sighting was cross classified by survey mmber (season), sampling block,
glare amount, sea state and water }cur'ity. Numerical indices for glare
amount were from 1 (none) to 4 (severe), for sea state from 0 (flat) to 4
(considered maximm acceptadble for ﬁlrvey purposes) and for water ch:ity
from 1 (clear) to 3 (turbid). With the four surveys and ten sampling blocks,
this crossclassification scheme yields a five dimension tablé with 4x10x4xSx3
= 2400 cells. A Chi-square multidimensional contingency analysis was per-
formed using these data to determine the effect of these factors on the fre-
quencies of turtle sightings. The null hypothesis for this mmalysis is that




these factors do not effect sightability and all cell frequencies are equal.
“This analysis appiies the log-linear model to fit the data hierarchically as
in Fienberg (1977).

The model used is (Feinberg, 1977):

i,j,k,1,2 " (n;.j.m..)}n
"

which is linearized to: .
In ¢j,5,k,1,n -l£ (ni,j.k.l.l’l- N

N p
where _
e,i,j,k,1,m = expected cell frequency of C. caretta by sm"vey block,
glare amount, sea state, water clarity,
Bj,j,«,1,m = observed frequency by survey, bloék_, glare, sea state,
water clarity. | |
N= total frequency.
The Pearson gdodness-of-fit Chi-square statistic was camputed after Feinburg
(1977) for each potential model with the mull hypothesis of equality of cell

frequencies.

To furt.her determine the effect of sea state, glare and water clarity on |
sightings, these frequatiés of C. caretta were spportioned by sea siate,
glare amount md water clarity, and the total linesl miles flown were also
spportioned by sea state, glare and water clarity. The potentnl linear
dependence of C. caretta sightings on sea state, glare and water clarity was
exsmined using 8 Spearman rank correlation analysis with the proportion of C.
~ caretta sightings as dependent on sea state, glare amount and water clarity.




In this way, sighting frequencies were campared to the actual effort realized
- for sea state glare amount and water clarity.

The above analyses specifically examine the potential effects of
variation in specific environmental factors or turtle sightability and
distributions. The potential diurnal behavior of turtles was also examined
relative to sightability. A "time-of-day" effect was investigated as in
Thaapson and Shoop (1981). The absolute frequency of sightings for hourly
intervals by season from 0900 to 1400 hours were campared using a Chi-square
teét' (Snedecor and Cochran, 1967). 'l'hese intervals were used because effort
was approximately equal over these hours for each seasonal survey, and survey
day.

Numerical Abundance

These pelagic serial surveys were primirily designed to provide seasonal
estimates of turtle density by species. Only sightings accampanied with a
reliability index value of 3 (3 = sure) were used in final density estimates.
Density estimates were derived using line transect methods as described in
detail by Burnham, Anderson, and Laske (1980). Because the aircraft allows
direct viéring of the transect line, all density estimates are of the form:

D= g_fz%gz o |

b = turtles/mn?

n = mmber of turtles sighted by species on transect

£(0) - intercept of probability density function
L = total transect line length "made good™.




A probability detection function (pdf) was derived for each season using
dsta pooled over all blocks to Optmze suq:le sues. The probabihty detec-
tion function selected was based on the criteru esublished as follows by )
Burham, Anderson, and Laake (1980). A sightabililty or detection curve was
used for each survey to derive the pdf and each sightabililty curve was orga-
nized in 1/16 m intervals fram the transect line (zero) out to 5/16 me.
This interval distance was consistent with the actual interval marks an the

AT-11 observation bubble. Various models were altematively fit to the
detectxon curve and by applymg the selection criteria of Burham et al (1980)
ocne model was chosen as the best pdf. The models available on the camputer

_ program TRANSECT were used in curve fitting were: Fourier Series (FS), nega-
tive exponential (NEG EXP), exponential power series (Ex?), non linear poly-
nonial (POLY), and the half-normal (HALF). The intercept of the selected pdf
gives the value of £(0) used in density' estimation. | |

A seasonal approach was pursued to naxinize the choice of robust nodels
available for any given season. In additon, adeqmte saxple sizes were
available for a seasonal spproach to be completed and in this way each season
is treated independently. However, for capirative purposes the sighting
data were pooled over the four seasons and evaluated using the same model
fitting procedures. '

Variance estimates for each computed density value were computed based an
the results of the distributional snalysis as in Thompson and Shoop (1981).
Approximate 95% confidence intervals are presented as ¢ 2 standard errors
sbout the mean value for D. S . |




Density estimates were expanded to estimates of numerical abundance as:
RebA |
| N = mmerical estimate
ﬁ = density estimate
A = total area surveyed.
Values of N are sccampanied by variance estimates caputed after Burnham,
Anderson, ‘and Laake (1980).

Three studies, thus far, have invesngated the amount of time C EL'BL‘?.
spend at the surface on a daily basis. Two studies utxlued remote sensing
to evaluate surface time for animals in the wild (Kemmerer, Timko and
Burkett, 1982; Musick, Byles, and Billammd, 1983). One study examined sur-
facing behavior as & futtion of respxratxon in the hboratory (Lutcavage and
Lutz, 1983). In the two field studies, the mean pércmt. of time C. caretta |
spent at the surface in a 24-hour period was (with 95% confidence limits)
3.8% (+ 0.27%) for C. caretta in Cape Cmavml. Florida in September and
October, 1981 (Kemmerer et al., 1982); and 5.2¢ (+ 1.28)(Musick et al.,
1983). In the laboratory experisent surfacing time as highly variable amd
dives ranged fraa 1 minute per hour to 44 minutes per hour. The Kemmerer et
al. (1982) results are used herein because this study occurred in Cape
Cnmveral. Florida, vhich is within the NMFS/SEFC aerial survey study area,
and is within the area of demonstrated concentration of C. caretta. However,
it is notable that the two field studies yielded sinilar results. |

Xemmerer ot al. (1982) demonstrated that in the fall of 1981 C. caretts
were at the water surface sn average of 3.8% of each 24 hour period of obser-
vation. In each honi. turtlés averaged 2.2 minutes (¢ 1.8 min) at the sur-
face. Thus, .038 (p) is the proportion of the total population along the

‘_13




track line that is salpied at any given time, where
_pN =a/N
p = estimate of the prq»rtion of the population that is salpled

n = saxple size
N = population size
and for N:
N=n/p
Given this binomial probability, p, the variance of p is:
Var(P) = p(1-pI/N
This means that if p rq:resents t.he proportion of turtles present (C.
caretta) actually observed. then (l-p) represents the propornon of turtles
that were presumably present but not at the surface. Thus, for each block
and survey, sample sizes can be corrected to actual popu.atxon values for
each transect and block The new sample sizes are used to directly estimate
N' as:
N's n:",s
N' = mmerical sbundance of animals at and below the surface
n' = corrected saq:le size or population
s = level of sampling effort in that block and survey, given mi.-als are
randoaly and uniformly distributed

Values of N' estimated with this correction for surface time presumably
represent all age or size classes of C. caretts within that sampling block |
for that season. However, utilizing the correction factor to estimate ani-
sals at the surface and below the surface assumes that serisl observers can-
not 1dentify C. caretta vhen they are below the surface. This Is not the




case. According to T. J. Thampson (pers. comm.) observers were sble to posi-
~ tively jdentify C. caretta that were 5 feet below the surface. These ani-
mals would be indicated by Kemmerer et al., as below the surface. In addi-

- tion, according to T. J. Thampson (pers. cam.), it is 1likely some snimals
_were observed and identified to species level 12 feet below the surface of
the water. Therefore, it appears that the values of N' are biased and are
probably inflated. However, the magnitude of this bias is not known. To
'properly correct for estimates of abundance for the proportion of time ani-
mals are at the surface would require continued radiotelemetry work vhich
would allow for the determination of depth at locatioﬁ. In addition, the
Kemmerer et al. (1982) study was necessarily limited temporally and spa-
~ tially. Continued work would necessarily have to be campleted with larger
sample sizes in differmf locations and at least seasomlly with animals of
varying sizes to define surface times and provide an unbiased estimate of

surface ti-e

Results and Discussion

Distributions and Sightability

Of the total 2,690 turtles positively identified, 1,191 (81.8%) were
jdentified as C. caretts, 98 (3.74) as D. coriaces and 359 (14.5%) as wni-
dentified, or of unknown species but probably not D. coriaceas.

Distribution meps for sightings of C. caretta and D. coriacea for the
four surveys are presented in Figure 3. These species'vere the most fre-
quently reported during the four surveys. The actusl observations of
turtles, by species (for C. caretts and D. coriaces) sighted by block for
each survey sre presented in Figures 4 and S. These figures can be compared
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to the transects "made-good" for each survey (Figure 6). It is apparent that
the sisple random sampling design was su:cessfuny ilplemted (Figures 3-6)

Given this design, perusal of Figures 3-6 suggest that turtles q:parently are
not randomly distributed throughout the study area during the spring and
mr. When blocks are treated as equal area quadrats, and the Index of
Dis) ersion (I = v/m) is calculated for each survey, this non-random spatial
distribution is demonstrated significantly (p €.05) for C. caretta which has
ample sample sizes for the application of this method (Table 2). The

X2 values approximate each camputed value of I with n-1 degrees of freedam,
and it is concluded that C. caretta are not randamly distributed tlirwghout
the study area in the spring and summer. The values of I (X2) for theée two |
seasons differ significantly fram 1, and in a positive ciire_ction suggesting
that animals are clumped and the underlying statistical distribution
reflected by clumping is usually a negative binomial (Seber, 1982). The
actual clumping of C. caretta appears to be most concentrated within area 8
and the northern third of area 9. The fall and winter surveys do not
demonstrate any statistically significant deviation from randomness of C.
caretta within the study area. The winter survey very closely resembles a
random or Poisson distribution with an approximate Chi-square value of 3.84
with a level of significance (p) less than .900. Thus, there is a signifi-
cant contagiws distribution of C. caretts in the spring and sumer and
spparent random distribution in the fall and winter within the study area
from North Carolina to Key West, out to the western boundary of the Gulf
Stresm. During the summer survey two Gulf Stream areas were saspled. These
'amsuerenotofameqmltothemblocksuﬂuerenot included in this
quadrat snalysis. However, examination of Figures 4 and 6 de-onstntes that




vhile turtles were observed in these areas but largely in the Gulf Stream
western boundary weters. Thus, clumping is a result of the prevalence of

turtles along the Gulf Stream boundary with few sightings in the Gulf Stream
proper. This is consistant with the results of Hoffman and Fritts (1982).

Results of computing values of I for individual transects, with sample
sizes 3 § demonstate randamess of C. caretta along transects "made good".

In the spring, only 6 of 45 (13%) transects analyzed demonstrated values of I

that were significantly different at p < .05 from 1. During the sumer, fall
and winter surveys 4 of 36 (114); 3 of 14 (218); and 2 of 8 (251) transects
denonstrated randan distributions of C. caretta. The sample sizes in the
spring and summer are suffxciant for this approach However, the sample
sizes (4 and 8 transects respectively) in the fall and winter may not be ade-
quate for this spproach.

The occurrence of transects uithm a block demnstratmg C. caretta ran-
damly distributed with transects in t.he same block demonstrating clumping -y
be due to the transects intercepting animals within irregularly shaped
clumps, as suggested by T. J. Thampson (pers. cam., 1983). If turtles are
clumped but form irregularly shaped clumps, then it would be expected that
some transects, given random placement, will intercept a small area where [
caretta are present. These transects will desonstrate clumping. Other tran-
sects passing through an extensive area of turtle distribution ny be
described as a random distribution.

The three potential environmental correlates measured which mey effect
* turtle distributions were depth, sea surface tesperatures (used as sn index
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for water temperature) and the presence of other snimals. Not measured are
the potential-other factors ‘such as the pattern of resources or breedmg

activity. A clnomcal correlation was campleted to attempt to describe the n
possible csuses for clumping. Camnonical correlations were performed for
e-ch season, using these data pooled over the four seasons; and with data
pooled over the spring an; summer surveys, and the fall and winter surveys.
The resulting correlation matrices are presented in Tables 3 and 4. This
technique is used omly for descriptive purposes, and examination of Tables 3
and 4 reveals interesting trends. Seasonal comparisons can be made from exa-
mining Table 4. Significant positive correlations are identified between the
occurrence of C. caretta and sea surface temperature in the spring, summer,
and winter (no linear relationship in fall); between the occurrence of uni-
dentified turtles and depth in the fall; and D. cotiacea and other species in
the spring. Significant negative correlations are identified between D. |
coriacea and water tesperature in the spring, fall and winter; between (.
grgg and other species in all four seasons; and between unidentified
turtles and other species in the spring, fall and winter. Even in the
winter, it appears that D. coriacea {s not dependent upon wWarm temperatures
‘and is likely associsted with cooler, perhaps more productive waters than C.
caretta. The occurrence of C. caretta is positively associated with water
tesperature in the Spring and sumer. This may be a result of the breeding
season which isfocusedofftheusteastofﬂoridlindmerethenmst
\aters are encountered during these two seasons. In the winter the positive
relationship is 1likely a result of C. caretta preferring to remain in the
warser boundary waters as suggested by the actual spatial distribution
observed for this season (Figure 4).




The positive relationship described between D. coriacea and other species
__again may reflect a lack of dependence on water temperature and a preference

for more produ:tive areas where other snimal species would be expected to
occur. The negative relationship between C. caretta and other species may be
a real phenomenon. However, it may be an observer response to focusing on [
caretta in high density areas vhile acrificing the reporting and recording
of other species. The results for unidentified turtles (which are probably
mostly C. caretta based on relative frequency of occurrence) are consistent
with those of C. caretta. The only significant relationshxp (posxuve) bet-
ween turtles and depth is demnstrated by unidentified turtles in the fall.
This relationship is consistent with positive correlation between uniden-
tified turtle and water telpefature. Again, there may be u. preference for
the warm Gulf Strean boundary waters, which are also i.n. the greatest depths
in the study area. The lack of significant correlation between C. caretta
and D. coriarea with depth is likely due to the actual benthic topography of
the sampling area which is relatively flat fram the const out to the Gulf
Stream (0-200 fathams), with the majority (80.5%) of the study area of less
than 80 fathams. It appears that water temperature is the most significant
factor of those measured effecting C. caretta distributions within our stuly
A area. In Table 4 the results of the canonical correlation analysis an the
pooled data are presented. While these results are mmerically supportive,
they offer no sdditional enlightenment regarding the possible effects of
depth, temperature, and the presence of other species on the distributions of
turtles.

¥When the study area is qproportioned by depth strata and ‘these propor-
tions compared to the proportion of total frequency of C. caretta and D.

R




coriacea by depth strata, there is a strong positive correlation between
these proportions. This suggests that turtles do not demonstrate any depth

preference within our study area. However, C. caretta are observed in’ ‘the
warmest water which prevailed during these surveys, and D. corisces sppear to
prefer water about 20°C (+ 5°) (Table 5).

Two additional survey blocks were saxpled ‘n tht sumper in the Gulf
Stream proper. Of the 37 C. caretta sighted within these areas (36 in the
southern Gulf Stream area and 1 in the northern Gulf Stream area) all but 2
(1 in each area) were sighted along the inner portion of the western boundary
" of the Gulf Stream. This suggests that in the summer, the actual western
boundary for C. caretta is the Gulf Stream proper. Only 1 D. coriacea and 2
unidentified turtles were sighted in the Gulf Stream suplmg areas. These
results are similar to those reported by Hoffman and Fritts (1982) in their
August, 1980 aerial survey of the same area off Cape Canaveral.

A table of C. caretta sightinﬁs classified by season (4 levels), survey
block (10 levels), Beaufort sea state (5 levels), turbidity (S levels), and
glare (3 levels) was analyzed to measure the potetntial effects of each on the
actual frequency of turtles sighted. All possible cambinations of these fac-
tors (2, 3, and 4 way) were also snalyzed. Results of the mlysis of this
sultidimensional contingency table is presented in Table 6.

) The results from this analysis demonstrate that significmtly different
mmbers of C. caretta were reported between seasons, between blocks, for dif-
ferent values of Beaufort sea state, glare and turbidity. Each possible
humtim also ylelded significant (p € .05) results. The effects of these




factors on the frequencies of each survey were examined ixsing the same analy-

sis. Results of these analysess are presented in Table 7,'md it is

cmcluded that the frequency of sigﬁti:iﬁsﬁsf*g:mcarett&»Awref-diiferait,,,he_t-,, _
ween seasons, between sampling blocks, and for different amounts of glare,

ses state, and water clarity.

The significant difference demonstrated in turtle frcjuencies between
 seasons and blocks was iexpet:ted given the previous results of the distribu-
tional analysis. The resulting frequency distributions are presented in
Figure 7. Spearman rank correlation coefficients were computed camparing the
proportions of frequencies .of C. caretta and D. coriacea sighted by glare
amount, sea state and water clarity with the propartioi; of .the total miles
flown reported for each value of these three parameters. Results are pre-
served in Table 7 and the frequency distributions are presented in Figures 8
to 10. The proportions of bot.h: species are positively correlated with the
proportion of miles reported for each value of glai'e and clarity. Thus,
vhile the frequency of sightings classified by glare and clarity differed
significantly for values of each, these frequencies are positively correlated
significmtly'to the proportional occurrence for the values for each, i.e., ’
frequencies are correlated with effort. However, no significant (p » .05)
correlation was demonstrated for sea state. While sea state 3 predominated,
both C. caretta and D. coriacea were seen more frequently in sea state 1
suggesting that increasing sea state has a negative impact on turtle 'sighta-»
bililty. This iqact is directed at effectively reducing the observation
swath width. The frequency of sightings of C. caretta were cross-classified
by sea state aud sighting interval (in 1/16 m increments) and cell frequen-
cies were cospared with 8 X2 contingency test. This table snd the X2
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results are presented in Table 8. These results indicate that as sea state
increases the absolute frequency and proportion of sightings decrease in
sighting jntervals 3 and 4. Ultimately, the effect of sea state ‘could poten=

tially impact the sightability or detection curve, the pdf selected, the
value of £(0) and resulting density estimates (D). A secand negative bias
would be introduced if sea sﬁus reduce the sample sizes (n). The rotential
impact of sea states will be quantified using results from a special experi-
ments] survey completed in July/August 1983, specifically addressing the
effect of sea states in turtle sightability.

The predaminance of sea states 3-4 chnng the fall survey (61.8% of total
transect miles flown) may have effectively resulted in decreasing the sighta-
bility of turtles. The greatest frequméy of sightings of C. caretta
occurred in arca 1 during the f£a11, vhich was the only ﬁea that cansistently
had sea states of less than 5. Thompson and Slnooi) (1983) postulate that the
peak in sightings in tlie fall in area 1 may be a result of the higher sea
states in areas 2-10. »Houever.. an alternative hypqthesis that cannot be
discounied and presented by Thampson and Shoop (1983) suggests the con-
centration of turtles in area 1 s not related to sea states butv may reflect
an influx of turtles moving frci northern and eastern waters. The northern
distribution of C. caretta and D. coriscea off the eastern U.S. was defined
by CeTAP surveys (CeTAP Final Reports 1982; 1981; 1980). During these sur-
veys the greatést frequencies of C. caretta and D. coriacea sightings
occurred off North Carolina, porth of Cape Hatteras. Thompson and Shoop
(1983) suggest that these turtles migrate south into NMFS area 1 where 8 pre-
dictable increase in turtles would be cbserved in the fall.




Thampson and Shoop (1981) demonstrated a dmrnal effect on the frequency

of sightings of C. caretta. A statistically sxgmfxcant peak in the
sightings of C. caretta was observed (using 1979 CETAP data) 2 3 hours around
~moon. A X2 goodness of fit test was campleted camparing the C. caretta
sightings classified by hourly interval and by season. The X2 results are
significant at p € .0001. The total sightings were pooled over the four
seasons and the resulting frequency distribution is presented in Figure 11. _
This figure includes the frequency distribution for D. coriacea sightings but
saxmple sizes were not adequate for further analysis for this species. The
mull hypothesis of equality of cell fr_equem:ies (i.e., hourly 1nterval) is
rejec;ted for the spring, sumer and winter surveys. For each season peaks
respectively at 1300, 1100, and 1100 hours are demnstrated (Table 9). The
cell frequencies are statistically eqml in the fall and the distrxbution is
uniform over hourly intervals. It is impossible to deterline what causes
these peaks in frequency of sighting at these hours. As suggested by
Thampson and Shoop (1981) it may be a result of turtle behavior and distribu-
tions or a function of observer behavior. However, the significant results
are cansistent with those of Thampson and Shoop (1981).

Density Estimates
Caretta caretta

Two spproaches were followed in estimating C. caretta density. First,
uchuasdnnsuutodnminlndepeﬂmtsqle. For each season, a
dotoction curve was fitted to the several models available, and a value for
£(0) was selected utilizing the criteria of Dunham et al (1980). The sea-
sonal detection curves used ir model fitting are presented in Figure 12.




Note ﬂ:at data were pooled over intervals 4 and 5 or 3, 4 and §. This

pooling reduces the bias around the value of £(0). In each detection curve o

—shoulder—is-evident aroumd x = 0, such that the rate of change of frequency
relative to distance from the transect is zero, This indicates that the
sighting intervals used were correct for estimating C. caretta density.
Independent density estimates (ﬁi) were first derived for each sampling block
(i). an average density (ﬁ) for the study area (i.e., overall blocks) for
each survey was also derived. Values for f(o) by season with: total line
length in nautical miles (L); sample sizes and variance (n); model selected;
the standard error of f(o)(as X2 var ?(0)); camputed effective half swath
width (as 1/£(0); and X2 goodness of it value of model with level of signi-

' ficmﬁe (p) are presented in Tabie 9. Density estinétes by block and for the
survey with: var (ﬁ); mmerical abundance (N) and var (N) are preented in
Table 10. In the spring and fall, the Fourier serjes was selected (one and
two term respectively, FS1 and FS2). lhile this model is not 5 true pdf, it
__;iAs» considered robust and meets all the criteria for robustness of Burnham et
al (1980). For the Sumer and winter the exponential power series (np power)
was selected. This parametric model is cansidered robust and also meets the
selection criteria of Burnham et al (1980). In particulas this model is
shape flexible and the generalized model is:

- 8(x) = exp - (x/a)b
shere
© @ = scale parameter (0 ¢ a)

... b= shape parameter (0 ) b) |

| c.Morbey, the;odel becomes a negative exponential which is mot robust and
..c-n prodme biased results. In the two surveys where the exponential pover




series was selected valyes for b were: 4.82 (sumrer) and 2.85 (winter). As
b increases, the curve tends to flatten around X = 0. This shape flexibi-

lity, with a shoulder around x = 0, in addition to the minimal bias around
£(0), prompted selection of this Parametric model for the summer and winter.

The secand approach utilized a1l the sighting data pooled over the four
surveys to estimate £(0). The resultixig frequency distribution is presented
in Figure 12. The expanential power series was selected (b = 3.92) ang
Tesults are presented in Table 10.

Graphical camparisons between £(0) values were Completed with + 2 SE £(0)
&S approximate 95% confidence intervals (Figure 13). The £(0) values for the
fall vs winter and SPring vs summer are not significantly differmt’
(approximate P .05). However, the fall and vinter di.ffer' significan_ly
from the £(0) values for the spiing and sumer. This indicates that each
season be trea;ed s independent and these results are considered more -
Sppropriate in density estimation.

Derisity estimates by b:_lock and by survey are presented in Table 10. The
variance for density (var (D)) was camputed as:

var (6) = (B)2g(cvin))2 o ev(£10))2)
where
cv(n)2 = var(n)/n2

ov(£(0))2 = {}{8{8—”— | | | \.

'liin table includes values of N and var(N). The var(N) was u-pma
indirectly as;: :
var(R) = A2[cv(f))y




and winter are not siénificantly different (+ 2 SE as approximate 95 con-

“fidence intervals). However, stratification of the fall/winter a;rvey effort -

is being implemented in November, 1983.

The reciprocal of the estimated f“(o) values gives the value of the effec-
ﬁve half swath width (w) for C. caretta. For each survey the effective
Sath width (2v) wes computed as: .222 mm; .270 m; 0.176; and 0.185 m for
the spring, sumer, fall and winter surveys respectively. Again, sea states
were highest in the fall which probably reduced the swath width in this
season. The estimated effective swath width resulting frdn the pooling of
these surveys was 0.234 mu. The realized sampling coverage for the.'study
area given the above four values for swath width are lpproxinately 5.2%,

6 3%, 4.1%, and 4.3% respectively.

~ It was shown th‘at' the frequency of Caretta caretta sightings differ |
significantly by hourly intervals. In sddition the effect of increasingly
Beaufort sea state is to reduce the absolute frequency of sightings and
decrease the effective swath width sightings occur vlthm. These results
were used to design an experimental survey completed in June, 1983 with
results pending. The primary purpose of this experiment was to definitively
quantify the effects of tbeee two parameters on estimation procedures and |
derive a correction factor with which to sdjust estimated turtle densities.
To properly derive such a correction factor, an ares of known density was
"selected and surveyed under varying sea state conditions (0-5), during dif-
: forent hourly intervals. In this way, while controlling alternatively sea
_"stm md "time of day", the other condition ("time of day” and sea state




iespectively) can be evaluated quantitatively. Because the first year sur-
...veys were specifically designed to discern-distributions and produce prelimi-
nary estimates of density and abmdanee and not to precisely quantify the
effects of sea state and time of day, resulting estimates are not adjusted to
reflect the potential impact of these factors on density. The progress
report following the cc-pletion of the second year surveys, will specifically
address these factors as a result of the special experimental survey designed
to answer these quest ons. | |

Utilizing the results of Kesmerer et al (1982), values of N were cam-
puted using p = .038 to correct saxple sizes. These results are presented in
‘Table 11. These values are likely biased because of the ability of observers
to sight and identxfy turtles up to 12 feet below the surface in sove _areas
as previously discussed. The direction of this bias is positive but the
magnitude is unknown. However. the results of Kemmerer et al (1982) are con-
sistent with those of Musick and Byles (1983) lnd Lutcavage and Lutz (1983).
In all ‘three studies the smount of time turtles were at the surface
‘(breathing) was extremely short. The ratio of sub-surface to surface time in
Kemmerer et al., (1982) averaged about 15:1, in Musick and Byles (1983) 21:1
and in Lutcavage and Lutz (1983) about 15:1 to 20:1. It appears that uti- _
lizing sample sizes and by campleting these experiments in other areas at
differmt times of the year and with varying the sizes of individuals may
Tesult in refined estimates of abundance. However, without this correction
. factor, the linilal density estimates are extremely precise suggesting that
.. thess asrial surveys for C. caretta produced the desired mswrs.




for surface times) represent all turtles of all size Categories, including.
the 115.536 adults, 'l'hus._ the order of Ragnitude. of Corrected abundance
estimates appear Teasonable, given the above hypothesis N nesting females.

The poor Precision associsted with these corrected vilu_es for abundance

Swpirically derived estimates of abundance of C. caretts in the pelagijc

envirament in the Southeast U.S. Other estimates are availapie for turtles
off the northeast U.S. However, because these surveys were Bulti-species .

yoar, the precision for the seasonal surveys was fpproximately equal ¢to or
less than 104 except for the winter suryey, This precision 15 likely o
improve with stratification of sampling in the second and third year surveys.




Thus, these results from the first year represent the best available estima-

tes for C. caretta in the southeast U.S., and these estimates will improve as
a result of the second and third year surveys.




surface time) support the use of aerial surveys to provide data used in abun-

dance estimation. The results of this first year of surveys presented herein
were used to design the second and third year suplmg programs. In the
second year of sampling the suplmg scheme included stratification of effort
spatially in the summer and fall surveys to optimize coverage in areas 7-10.
The second year includes an experimental survey campleted in June 1983 to

~Pprovide data which will be used to examine the effects of sea state and the

diurnal behavior of turtles in turtle sightability and therefore density |
estimates. In the third year, in addition to cqletmg seasonal surveys, it
is anticipated that a survey designed to evaluate sizes of turtles will be
Campleted. These data can be used in determining the size structure of the
observable pelagic population. Annual abundance values will be compared to
initiate trial analysis, and will be used in population projection models to
assess the status of stock of turtles in the southeast.

we -
.
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Table 1. Nunber of transects flown and

"made-good" for each survey and block.

NF = not flown

Survey Block Number

No. 1 2 3 4 5 6 7 8 9 10 1 12
4.2 14 13 13 12 13 10 1 15 2 N NF
2 2% 14 13 13 11 10 9 10 17 13 6 8
5 2Z ¥ 1B 1B N 9 9 14 31 3 N N
46 N 10 14 12 10 g o9 10 18 26 N N

Total 74 52 53 S3 44 40 37 4 69 114 6 g




Table 2. Results of quagrat analysis for four seasonal Surveys. The camputed |
roximate value tests the hypothesis of randomness of C. caretta

:ﬁlr)wghwt the study area. Included are tbecgnp er o
C. caretta for each season (x) and variance (S2) x2 value with
Tevel of significance P- : -is-derived as as the Index
of Dispersion or §2/x. Both spring and sumper demonstrate non-random
Spatial patterns (p <.05) and the null hypothesis is rejected. The
null thesis is accepted for the fall and winter.

Season X s2 x2 p

Spring 79.90 13000.09 162.70 <.005

Summer 91.90 22158.29 241.11 €.005

Fall 22.70 305.61 13.49 <.250

Winter 28.00 107.50 3.84 <.900




Table 3. Computed correla
var.i.ables Carett

tion coeffiéients
a caretta (CC),

by season between dep

Dermochelys corriacea (
dent variables depth (DoPi)

°°o 399

face teq:e_rature (TBMP) and p:s:::evgg l:n%:ufls l(’spec,m). ’I:ce;u;:crl-
are significance levels (p). : '
TEMP P - DEPTH P SPECIES P
SPRING
UK -0.0089  3.05  -0.0214 .05 -0.0802  <.05
cc 2.1002  ¢.05 0.0553  3.05  -0.7008 €.01
DC -0.1274  ¢.01 0.0028 3,05 0.0763 .05
UK -0.1041  <€.05  -0.0168 .05 -0.0583 .05
.cc 0.0831  ¢.05 0.0296  3.05 - -0.6314 <.q
DC “0.0262  3.05  -0.0267  3.05  -0.0208 3.05
FALL | |
UK 01172 .05 -0.1046 €05  -0.1033 <.01
e -0.0133 3,05 0.8149  >.05  -0.6424 <¢.01
BC 0.3507  <€.00  -0.0218 .03 -0.0910  >.05
WINTER
Uk "0-0626 2.0 -0.033¢  3.05  -0.1642 ¢.01
e 01251 €.05  -0.0057  3.05  -0.6192 €.01
IC €01 -0.0278 .05 -0.0923 .08




Table 4. Correlation coefficients for spring and summer; fall and winter; and
all four seasons pooled. Correlation coefficients are used to
describe linear relationships between the dependent variables - -

" (frequencies) (DC); between C. caretta (cC), D. coriecea (DC) and wni-

dentified turtles (UK); and the independent variables depth (DEPTH),
sea surface temperatures (TEMP) and the presence of other species

(SPECIES). Included are approximate levels of statistical signifi-

cance (p).
TEMP P DEPTH P - SPECIES p
Spring and Sumer
UK -0.0382  3.05 -0.0187 3.05 -0.0633 <.05
cc -0.0391 . 3.05  0.0453 3.05 -0.6372 <.01
C -0.0507  3.05 -0.0062 3.05  0.0387 }.05
Fall and Winter .
. -0.0329 .05  0.0484 3.05 -0.1784 <.01
o -0.0370 3.05  0.0468 3.05 -0.6303 <.01
B -0.0350 3.05 -0.0239 .05 -0.0923 <¢.01
Four Seasons . |
UK -0.0862 (.01  0.009 .05 -0.0887 <.01
?oc 0.3236 €.01 0.0370 .05 -0.6714 <.01

DC - =0.0023 .05 -0.01103 .05 -0.0398 .05




Table 5. Proportion of total effort (EFFORT) in lineal nautical miles. "made good" for values of depth; sea surface
temperatures; amount of glare; water clarity and Beaufort seg state. Proportions of sighting of both C.
aretta (CC) and D. coriacea (ID) are included. Spearman rank correlations (r) coefficients are presented,
mﬂlmﬂuo that are significant at P €.05 are indicated with an asterisk(s).

DEPH (in fathoms)

10 30 S0 60 80 100 125 175 35 750 1500 3000 4000
EFRRT .24 .167 .177  .gs3 (166 031 .02 .030 .0s4 020 gy 031  .004

cc 70 .19  .:80 100 .190 g2 020 020 .00 .00 L0035 .o - +030  0.8300
o 080 360 270 .080 .60 .03 010 .00 .00 .00 .00 .010 .00 o470
 TEMPERATURE (°C)

4. 5 10 15 20 25 3 r

.
EFFORT  .000 .150 .000 .064 .18 -282 203,
c ia 000 000 010 .40 370 .90 g.o408
DD 000 .000 .000 .00 390 250 .340 0.770

GLARE
1 2 3 4 r

EFFORT j 340 .170 .050
cc (180 410 .00 .00 1.g08
o 560 310 20 010 g.000




Table 5 (Continued)

EFFORT

EFFORT

WATER CLARITY
1 2 3 r
820 .120 .060
ogc o~H° o°H° Mos. :
880 .060 .050 1.00%

SEA STATE

0 1 2 3 4 r
050 .240 .250 .340 .100
»100  ,100 .260 .200 .040 .0S0
030 110 .530 .130 .070 .050




f

Table 6. Results of multidimensional contingency analysis of the frequency of
. caretta sightings classified by season (N), block (B), sea state
——— ——X8), glare (G), and turbidity (T). Presented are the independent
effects of these variables on the sightings of C. caretta, and the
two, three and four way interactions, with the canputed Pearson Chi-
uare for that log-linear model level of significance (p) and degrees
of freedom (DF). All possible cambinations are examined and all
-levels are significant indicating all parameters effected the mumbers
of turtles sighted.

Model Pearson 2 P_ _DF_
One way 28830.34 <.0001 6692
Two vay 12319.58 <.0001 3911
Three way 1548.38 <.0001 707

Four way - 61.04 .0001 26




Table 7. Results of x2 multi-contingency table analysis for surveys 1-4.
Included are the results of examining the one-way -effects of block,
Sea state, glare and turbidity; the two-way interactions of block-sea
state, block-glare, block-turbidity, sea State-glare, sea state-
turbidity, and glare-turbidity; and the three way interactions of
block-sea state-glare, block-sea state-turbidity and sea state-glare-
turbidity. Each model in ascunpanied by degree of freedam (DF),
Pearson Chi-square value (x2) and level of significance (p). All p
values are highly significant indicating all parameters effect the

S,

mmbers of turtles observed.

Model DF x2 | p
Survey 1

ane way 1655 §945.93 €0.0001

two way 636 1266.35 €0.0001

three way 114 284.34 €0.0001
Survey 2

one way 1446 6066.48 <0.0001

two way 430 604.79 <0.0001

three way 77 76.76 <0.0001
Survey 3 |

one way 1237 5662.72 €0.0001

two way 375 1128.18 €0.0001

three way 37 200.66 €0.0001
Survey 4

ane way 924 8073.13 €0.0001

two wmy 179 644.61 <0.0001

three wmy 30 127.02

€0.0001

e it ————




Table 8. Frequency of % caretta sightings classified

by sea state and sighting

terval. A x contingency test Camparing all frequencies resulted in
:9 = —16-degrees—of freedam. — This x “value is significant
‘t p .s. oos. . . N
Sea State
Sight
Intervi?i 1 2 3 4
1 287 245 191 4
2 273 180 118 21
3 77 27 12 0
4 2 0 0 1
5 o 0 0 0




Table 9. Frequency of C. caretta si ti classified season and
e ocg}rrence f rvaf?. mﬁisthi: s;aésn gty:lnparisons beht;;n(’f -
,,_ﬁgmc&s*re-emplete&md—resui:ing X“ values and levels of
significance (p) are presented. Those values of p that are ¢.05 are
considered significant, and the null hypothesis of ‘equal cell fre-
quency is rejected. ' '
Time in Hourly Interval

SEASIN 0900 1000 1100 1200 1300 1400 x2 P

Spring 46 60 91 130 152 117 98.70 (.005

Sumner 72 82 188 157 126 54 113.80 €.005

Fall 18 82 - 20 24 26 33 7.35  ¢.250

Winter

12 21 41 29 31 23 18.68 <.005




Table 10. Values by season and pooled over four seasons for: total transect length (L) flown; sample sizes

(n); model selected as Pdf 1 term Fourier Series (FS1), 2 term Fourier Series (FS2) and expanen-
tial power series (exp power); intercept of pdf, £(0); the standard error for £(0) computed as

2 var(£(0)); w where w is 1/£(0); x goodness of fit of model; and level of significance (p) of
the x2 values. NC indicates not camputed because of no ._ol..oou of freedom, resulting from data

pooled over sighting intervals.

Spring Summer Fall Winter - | Spring-Winter

6634 7008 6438 5070 . 25150
654 681 I 160 1669
654 el 174 320 1669
FS1 exp power FS 2 exp power exp power
9.00 7,425 1140 10.840 | 8.573
.088 0.253 0.846 1.050 0.216
111 0.135 0.088 0.0923 0.117
435 0.0120 X 13.97 2.0M4
0.509 0.994 -- 0.0002 0.35
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Figure 1. NMFS/SEFC st y area for pelagic surveys. Each area is approxima-
tely 3000 m{] pe g4 w

Figure 2. Field form utilized by observers during pélagic surveys to record
' sighting and envirommental data.

Figure 3. Distribution of Caretta caretta and Demochelys ¢

yS coriacea sightings
made during the Tour surveys fram April 1982 to February 1983,
excluding Gulf Stream aress.

Figure 4. Seasonal distribution of C. caretta sightings.

Figure 5. Seasonal distribution of D. coriacea sightings.

Figure 6. Transects "made-good" for each survey. Note in Sumer survay, the
additional transects campleted over the Gulf Stream.

- Figure 7. Frequency distributions of sightings of C. caretta and D. coriacea
by survey block and survey mmber or .

b. season are mmbered
as in Figure 1 with the Gulf Stream northern area identified as 11
and the gﬁf Stream southern area identified as area 12

Figure 8. Frequency of sightings of C. caretta and D. coriacea classified by
glare amount. ﬁlgofghumm are 1 = none; 2 = glight; 3
= moderate and 4 = uvm.» .




Figure 9.

Figure 10.

ngure 11.

Figure 12.

Figure 13.

Frequency of sightings of C. caretta and D. coriacea claSsified
ege:n.:fcrt sea sta’t‘g. Values of sea state range from 0 = flat to
¢ maximm acceptable for surveying equal to 4.

-

Frequency of ‘sightings of C. caretta and D. coriacea classified
by clarity of water. Values Tor water clarity range from 0 =
Clear to 3 = turbid. A

Frequency of sightings of C. caretta and D. coriacea classified
byeﬁmrly interval. ' - |

Frequency distribution used in model fitting for C. caretta for
each seasonal survey and pooled over the four seasons.

Graphical t-test camparing seasonal values camputed for the £(0).
Mean values of £(0) and + 2 standard errors calculated as
var(£(0)) are presented. Survey 1 is the spring survey, 2 =
Sumer, 3 = fall and 4 = winter survey.
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